Introduction {#Sec1}
============

Daytime sleepiness is characterized by the subjective reporting of disturbances in sustaining alertness while awake, especially associated with quick sleep onset in sedentary situations \[[@CR1]\]. It is usually seen in many of the sleep disorders including narcolepsy, hypersomnia, obstructive sleep apnea, delayed sleep phase syndrome, REM sleep behavior disorder, Parkinsonism, sleep-related asthma and insomnia \[[@CR1]\]. Daytime sleepiness is a fast-growing sleep-related disorder with reported prevalence rates of 10.4--45.6% across the globe \[[@CR2]--[@CR6]\]. However, the twin problems of frequently underdeveloped sleep health care systems together with the lack of awareness about sleep health matters represent significant barriers to providing patient care in the developing countries of Afro-Asian region \[[@CR7]\]. Daytime sleepiness is highly prevalent among university students in Afro-Asian countries including Ethiopia \[[@CR3], [@CR4]\]. Moreover, the Ethiopian health care system faces a challenging situation because of limited government resources combined more generally with the psychological and economic difficulties, which populations in developing countries face as part of everyday living \[[@CR4], [@CR7], [@CR17]\].

The most objective procedure for assessing daytime sleepiness involves the use of electrophysiological methods, such as those of the Multiple Sleep Latency Test \[[@CR1]\]. However, due to the limited health care resources of most healthcare facilities in the developing world, subjective measurements based on comprehensively validated questionnaire tools are the most practical and cost-effective tools for achieving this goal, and thus remain the most important means for screening patients to determine their daytime sleepiness. The Epworth sleepiness scale (ESS) is the most widely used tool for assessing daytime sleepiness \[[@CR8]\]. There is considerable evidence showing that the ESS has validated psychometric properties, which make it suitable for screening daytime sleepiness among different populations across the globe \[[@CR8]\]. The most important psychometric test properties, such as a test's construct validity, known-group validity, internal consistency and test-re-test reliability are well established for the ESS in different populations \[[@CR8]\]. However, some of the ESS's validity measures, including the dimensionality and ceiling/floor effects of individual item scores, are not well established \[[@CR8]--[@CR15]\]. Moreover, there is no comprehensively validated tool for screening daytime sleepiness in Africans, including Ethiopians. In view of this deficiency, the present investigators felt that an investigation would be warranted for providing a valid and easy to use questionnaire tool for screening daytime sleepiness in Ethiopians. Therefore, to address the need for establishing the psychometric properties of the ESS in Ethiopian university students, the present study was undertaken. The cosmin guideline and checklists were followed for assessing structural validity (factor analysis), reliability (internal consistency) and known group: discriminative validity in the study population.

Material and methods {#Sec2}
====================

Participants and study design {#Sec3}
-----------------------------

A cross-sectional study with a simple random sampling method employing a lottery method was carried out during the April to June, 2018. The study presents analysis of a dataset from a psychological health survey including measures of sleepiness, insomnia and cognition. A total of 600 students were enrolled at Mizan-Tepi University (MTU), Mizan-Aman, Ethiopia. The response rate for the original survey was about 89% with 562 respondents. From this, a dataset of 340 students was randomly selected for this psychometric study. Finally, after removal of person-level missing values (*n* = 11), here we report findings from a sample of 329 students (age = 18--28 years, and body mass index = 21.19 ± 3.17 kg/m^2^). The participating students completed the interviewer-administered original English version of the ESS and then completed a clinical interview and a socio-demographics questionnaire. The English language questionnaires were used because Ethiopia is home to more than 80 languages and students in the university belong to various ethnicities and linguistic subgroups. Due to their diverse backgrounds, the students have differing levels of proficiency in Amharic, the official national language of Ethiopia. Self-reported problems of memory, history of depression, psychosis and those below 13 years of age were excluded. The participants provided informed consent after obtaining a detailed explanation of the purpose and procedures of the study. The research was approved by the institutional Ethical committee, College of Medicine and Health Sciences, Mizan-Tepi University, Ethiopia.

Measurements {#Sec4}
------------

### The Epworth sleepiness scale {#Sec5}

The Epworth Sleepiness Scale (ESS) is an 8-item self-reported questionnaire that is used to assess the self-reported level of daytime sleepiness \[[@CR16]\]. These 8 items have a four-point scale, where, '0' indicates 'would never nod off', while '3' indicates a strong chance of nodding off, scale questions which are applied to 8 different situations encountered in daily life \[[@CR16]\]. All the individual item scores are added to generate the ESS total score that ranges between 0 and 24. Higher ESS total scores indicate a progressively greater degree of daytime sleepiness in the respondent \[[@CR16]\].

### Socio-demographics questionnaire {#Sec6}

The participants filled out an interviewer-administered semi-structured socio-demographics questionnaire with 10-items; 3-open-ended and 7-closed-ended. These items collected responses regarding age, gender, religion, parent's marital status, physical activity, years of university education, attendance in lectures and practical classes, and presence of chronic conditions. Height and weight were measured to determine body mass index.

### Clinical interview for symptoms of insomnia {#Sec7}

The participants were interviewed by an experienced sleep researcher blinded to their ESS scores to screen for the presence of the symptoms of insomnia. Insomnia was defined according to criteria listed in the International Classification of Sleep Disorders (ICSD-2) \[[@CR1], [@CR17], [@CR18]\]. The diagnosis was based on (i) reporting insufficient sleep occurring almost nightly, (ii) complaints of restlessness after sleep, (iii) mild to moderate levels of socio-occupational impairment, (iv) complaints of problems such as anxiety, daytime fatigue, irritability, and tiredness. The presence of insomnia symptoms was based on whether respondents had either of the first two conditions together with the presence of the last two i.e. (iii) and (iv) \[[@CR1]\]. Insomnia patients usually have increased levels of daytime sleepiness; therefore, difference in the ESS scores between two groups of students, with complaints of insomnia and other without insomnia (normal).

Data analysis {#Sec8}
-------------

Data analysis using SPSS 22.0 with Amos was carried out. Mean ± standard deviations (SD), frequency, and percentage were used to describe participants' characteristics as well as the distributions of ESS scores. The Cronbach's alpha test assessed the internal consistency of the data; Spearman's correlation test measured Item-total correlation & inter-item correlations, an measure for assessing the internal homogeneity of the data. Independent t-tests and Mann Whitney tests were used to evaluate the known-group validity - discriminative validity of the ESS among the Ethiopian students.

Confirmatory factor analysis (CFA) was performed using the maximum likelihood extraction with bootstrap; to manage multivariate non-normality. Standardized estimates of factor loadings by each ESS item scores on their factor(s) were determined. Furthermore modification indices, co-varying error terms, was assessed to explore model improvement for better fit. The dimensionality of the ESS is debatable; therefore, a CFA was performed on the previously reported factor structures of the ESS \[[@CR8]--[@CR14], [@CR19]\]. CFA was used to screen four models; A: 1-Factor model, B: 1-Factor model (a shortened ESS scale with 6-items) \[[@CR11]\], C: 2-Factor model \[[@CR13]\], D: 1-Factor model with incorporation of modification indices (co-varying error terms) (Table [6](#Tab6){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}). The previously accepted practice of using multiple fit indices from different categories was employed \[[@CR19], [@CR20], [@CR27]\]. These included absolute fit indices including the goodness of fit index (GFI), root mean square residual (RMR), and χ^**2**^, relative fit index-incremental fit index (IFI) and non-centrality indices such as the root mean square error of approximation (RMSEA) and comparative fit index (CFI) \[[@CR20]\]. A non-significant χ^**2**^ value indicated an absolute fit between the observed and expected model values. The threshold of RMSEA (≤ .08), RMR (≤ 0.05) and χ^**2**^/df (≤ 2) indicated that an excellent fit existed \[[@CR21]\]. A value greater than 0.95 for CFI, GFI and IFI implied excellent fit \[[@CR21]\].Fig. 1Confirmatory factor analysis of the Epworth Sleepiness Scale (ESS) scores in Ethiopian university students. ESS_1 to ESS_8: Items of the ESS; A: 1-Factor model, B: 1-Factor model (Smith et al. 2008), C: 2-Factor model (Gelaye et al. 2014), D: 1-Factor model with incorporation of modification indices (co-varying error terms). All coefficients are standardized. *Ovals* latent variables, *rectangles* measured variables, *circles* error terms, *single-headed arrows* between *ovals* and *rectangles* factor loadings, *single-headed arrows* between *circles* and *rectangles* error terms. Smith SS, Oei TP, Douglas JA, Brown I, Jorgensen G, Andrews J. Confirmatory factor analysis of the Epworth Sleepiness Scale (ESS) in patients with obstructive sleep apnoea. Sleep medicine. 2008 Oct 1;9(7):739--44. Gelaye B, Lohsoonthorn V, Lertmeharit S, Pensuksan WC, Sanchez SE, Lemma S, Berhane Y, Zhu X, Vélez JC, Barbosa C, Anderade A. Construct validity and factor structure of the pittsburgh sleep quality index and epworth sleepiness scale in a multi-national study of African, South East Asian and South American college students. PloS one. SSS 31;9(12):e116383

Results {#Sec9}
=======

Participants' characteristics {#Sec10}
-----------------------------

Table [1](#Tab1){ref-type="table"} describes the socio-demographics of the participants. The mean ages and ESS scores of the Ethiopian university students were 20.96 ± 1.74 years and 6.83 ± 4.65, respectively (Table [1](#Tab1){ref-type="table"}). The majority of the participants (67.8%) were males (Table [1](#Tab1){ref-type="table"}). More than 1/10th of the study populations (10.6%) reported having chronic conditions such as Acquired immune deficiency syndrome, hepatitis-A/B, hypertension, diabetes mellitus, tuberculosis and others (Table [1](#Tab1){ref-type="table"}). Most of the students (75.7%) reported physical activity such as running, walking, and other exercises (Table [1](#Tab1){ref-type="table"}). The prevalence of symptoms of insomnia was 44.7% (Table 1).Table 1Socio-demographics of Ethiopian university students (*n* = 329) participating in the studyCharacteristicsMean ± SD/ FrequencyAge (yr)20.96 ± 1.74BMI (Kg/m^2^)21.19 ± 3.17Gender Male223(67.8%) Female88(26.7%) Unreported18 (5.5%)Years of university education 1 year98 (29.8%) 2 year122 (37.1%) 3 Year63 (19.1%) 4 Year25 (7.6%) 5 Year4 (1.2%) Unreported17 (5.2%)Religion Orthodox142 (43.2%) Protestants40 (12.2%) Islam120 (36.5) Others4 (1.2%) Unreported23 (7.0%)Attendance (%) 51--603 (0.9%) 61--702 (0.6) 71--8016 (4.9%) 81--9031 (9.4%) 91--100187 (56.8%) Unreported90 (27.4%)Chronic conditions None195 (59.3%) AIDS8 (2.4%) Hepatitis-A3 (0.9%) Hepatitis-B1 (0.3%) Hypertension1 (0.3%) Diabetes Mellitus3 (0.9%) Tuberculosis5 (1.5%) Others14 (4.3%) Unreported99 (30.1%)Parents Single120 (36.5%) Divorced9 (2.7%) Widowed14 (4.3%) Double133 (40.4%) Unreported53 (16.1%)Physical Activity No62 (18.8%) Yes249 (75.7%) Unreported18 (5.5%) ESS6.83 ± 4.65Symptoms of Primary insomnia Yes147 (44.7%) No182 (55.3%)*SD*: Standard deviation, *BMI*: Body mass index; *ESS*: Epworth Sleepiness Scale

Item analysis {#Sec11}
-------------

Table [2](#Tab2){ref-type="table"} shows the descriptive analysis of the ESS scores among the participating students. All the items showed the floor effect as indicated by the fact that more than 15% of the participants endorsed the lowest score \[[@CR17], [@CR22]\]. With the exception of ESS-5, none of the items showed evidence of a ceiling effect, as indicated by the fact that less than 15% of the respondents endorsed the highest level of agreement for the item. \[[@CR17], [@CR22]\]. There were no issues of the floor effect or the ceiling effect for the ESS total score with only 11.6% respondents reporting lowest score of 0, and none reported the highest score of 24, with a range of 0--21. \[[@CR17], [@CR22]\]. All the ESS item scores (except ESS item-5 score) and the ESS total score were skewed as evidenced by the values of the Z-score of the skewness (≥3.29) (Table [2](#Tab2){ref-type="table"}). However, there was issue of kurtosis for three of the ESS item scores, ESS item-2, ESS item-5 and ESS item-6, all of these three items had Z-score of the kurtosis (≥3.29) (Table [2](#Tab2){ref-type="table"}).Table 2Descriptive statistics of the Epworth Sleepiness Scale (ESS) scores in Ethiopian university studentsEpworth Sleepiness Scale itemsMean ± SDSkewnessKurtosisItem scoresStatistics (SE)Z-ScoreStatistics (SE)Z-Score0\
Frequency (%)1\
Frequency (%)2\
Frequency (%)3\
Frequency (%)Sitting and Reading0.94 ± 0.90.59 (.13)4.37−.59 (.27)−2.19125 (38.0%)117 (35.6%)68 (20.7%)19 (5.8%)Watching TV0.59 ± 0.911.42(.13)10.58.94(.27)3.49209 (63.5%)67 (20.4%)32 (9.7%)21 (6.4%)Sitting inactive in a public place (i.e., a theatre)0.78 ± 0.90.93(.13)6.91−.08(.27)−.29159 (48.3%)103 (31.3%)48 (14.6%)19 (5.8%)As a car passenger for an hour without a break0.97 ± 1.05.73(.13)5.40−.76(.27)−2.82146 (44.4%)90 (27.4%)51 (15.5%)42 (12.8%)Lying down to rest in the afternoon1.48 ± 1.12.01(.13).04−1.37(.27)−5.1287 (26.4%)77 (23.4%)86 (26.1%)79 (24.0%)Sitting and talking to someone0.56 ± 0.811.35(.13)10.01.97(.27)3.62202 (61.4%)81 (24.6%)35 (10.6%)11 (3.3%)Sitting quietly after lunch without alcohol0.74 ± 0.981.10(.13)8.19.01(.27).02184 (55.9%)76 (23.1%)41 (12.5%)28 (8.5%)In a car, while stopping for a few minutes in traffic0.78 ± 0.971.03(.13)7.67−.04(.27)−.13168 (51.1%)93 (28.3%)39 (11.9%)29 (8.8%)ESS total score.46(.13)3.44−.07(.27)−.26*SD*: Standard deviation; *SE*: Standard error

Internal consistency and homogeneity {#Sec12}
------------------------------------

The Cronbach's alpha for the ESS was 0.75, while Cronbach's Alpha if item deleted ranged from 0.72--0.74 (Table [3](#Tab3){ref-type="table"}). The Spearman's correlation coefficient for the item-total score ranged between 0.55 and 0.67 (*p* \< 0.01) (Table [3](#Tab3){ref-type="table"}). The inter-item Spearman's correlation coefficient ranged between 0.12 and 0.40 (*p* \< 0.01 or *p* \< 0.05) (Table [4](#Tab4){ref-type="table"}).Table 3Internal consistency of the Epworth Sleepiness Scale (ESS) scores in Ethiopian university studentsItem-Total\
CorrelationCronbach's Alpha\
if Item DeletedCommunalitySitting and Reading.61^\*^.72.42Watching TV.59^\*^.72.39Sitting inactive in a public place (i.e., a theatre).67^\*^.72.45As a car passenger for an hour without a break.64^\*^.72.40Lying down to rest in the afternoon.60^\*^.74.29Sitting and talking to someone.55^\*^.72.40Sitting quietly after lunch without alcohol.57^\*^.74.30In a car, while stopping for a few minutes in traffic.55^\*^.73.33^\*^*p* \< 0.01Table 4Inter-item Correlation matrix of the Epworth Sleepiness Scale (ESS) scores in Ethiopian university studentsESS item-1ESS item-2ESS item-3ESS item-4ESS item-5ESS item-6ESS item-7ESS item-8ESS item-1.40^\*\*^.31^\*\*^.32^\*\*^.27^\*\*^.28^\*\*^.24^\*\*^.26^\*\*^ESS item-2.32^\*\*^.23^\*\*^.25^\*\*^.34^\*\*^.28^\*\*^.23^\*\*^ESS item-3.38^\*\*^.26^\*\*^.36^\*\*^.36^\*\*^.36^\*\*^ESS item-4.36^\*\*^.26^\*\*^.26^\*\*^.32^\*\*^ESS item-5.14^\*^.25^\*\*^.12^\*^ESS item-6.29^\*\*^.35^\*\*^ESS item-7.30^\*\*^ESS item-8^\*^ *p* \< 0.05; ^\*\*^ *p* \< 0.01

Known-group validity: Discriminative validity {#Sec13}
---------------------------------------------

The groups of Ethiopian university students identified as normal and those with symptoms of insomnia as determined by clinical interview differed significantly across the ESS total score and the ESS item scores (*p* ≤ .001) (Table [5](#Tab5){ref-type="table"}).Table 5Discriminative validity: Comparison of the of the Epworth Sleepiness Scale (ESS) scores between normal and primary insomnia groups as determined by clinical interview in Ethiopian university studentsItems of the ESSMean*p*-valueNormal sleepers\
(*n* = 182)Primary Insomnia\
(*n* = 147)Sitting and Reading0.79 ± 0.891.14 ± 0.89\<.001Watching TV0.41 ± 0.840.82 ± 0.94\<.001Sitting inactive in a public place (i.e., a theatre)0.50 ± 0.771.12 ± 0.94\<.001As a car passenger for an hour without a break0.63 ± 0.861.39 ± 1.12\<.001Lying down to rest in the afternoon1.18 ± 1.141.85 ± 0.99\<.001Sitting and talking to someone0.34 ± 0.640.83 ± 0.92\<.001Sitting quietly after lunch without alcohol0.45 ± 0.801.09 ± 1.06. \< .001In a car, while stopping for a few minutes in traffic0.64 ± 0.920.97 ± 0.97.001ESS total score\*4.92 ± 3.999.20 ± 4.31\<.001\*Mean ± SD, Independent t-test was used for the ESS total score and Mann Whitney U test was applied for item scores

Factor analysis {#Sec14}
---------------

### Measures indicating sample adequacy, suitability and factorability {#Sec15}

All the diagonal elements of the anti-image matrix of the correlations were greater than 0.5 with a range between 0.79 and 0.87, and the off-diagonal elements, i.e., partial correlations between the ESS item scores, were small as required for the factor analysis \[[@CR25]\]. The Kaiser-Meyer-Olkin test of sampling adequacy (0.83) implied that the sample had a meritorious degree of common variance \[[@CR25]\]. The significant value for Bartlett's test of sphericity suggested that the ESS items' observed correlation matrix was statistically different from a singular matrix and established the existence of linear combinations among the ESS item scores \[[@CR25]\]. The determinant of the correlation matrix (0.25) support the factorability of the ESS item scores because it indicated the absence of singularity as well as the absence of multicollinearity \[[@CR25]\]. The communality values were in the range between 0.29 and 0.45 (Table [3](#Tab3){ref-type="table"}), thus indicating that a satisfactory level of variance was explained by the common factors; therefore all the ESS items were retained for factor analysis \[[@CR26]--[@CR28]\]. Thirteen of the inter-item correlations for the ESS scores were greater than 0.3 (Table [4](#Tab4){ref-type="table"}), implying factorability of the correlation matrix and the absence of the multicollinearity \[[@CR29]\].

### Confirmatory factor analysis {#Sec16}

Table [6](#Tab6){ref-type="table"} shows the fit statistics of the four factor structures of the ESS scores in the study population. Model-D; a 1-Factor model with incorporation of modification indices (co-varying error terms) was found to have absolute fit to the data i.e. a non-significant χ^2^ *p*-value, and excellent fit as indicated by the values for RMSEA (0.03(0.00--0.06)), GFI (0.98), IFI (0.99), CFI (0.99), RMR (0.03) and χ^2^/df (1.26) (Table [6](#Tab6){ref-type="table"}) \[[@CR31]\]. Model-D showed factor loadings in the range of 0.40 and 0.63 (Fig. [1](#Fig1){ref-type="fig"}), suggesting that there was fair to a good range of overlapping variance, i.e., correlations between the ESS item scores and its factor \[[@CR30]\].Table 6Fit statistics of the Epworth Sleepiness Scale (ESS) scores in Ethiopian university studentsModelsGFIIFICFIRMRRMSEAχ^2^df*p*χ^2^/dfA.97.94.94.04.06(.04--.09)45.3120.0012.27B.98.96.96.04.06(.02--.10)20.269.0162.25C.97.95.95.04.06(.04--.08)41.2519.0022.17D.98.99.99.03.03(.00--.06)22.6118.2061.26A: 1-Factor model, B: 1-Factor model (Smith et al. 2008), C: 2-Factor model (Gelaye et al. 2014),D: 1-Factor model with incorporation of modification indices (co-varying error terms)*GFI*: Goodness of fit index, *IFI*: Incremental Fit Index, *CFI*: Comparative Fit Index, *RMR*: root mean square residual, *RMSEA*: root mean square error of approximationSmith SS, Oei TP, Douglas JA, Brown I, Jorgensen G, Andrews J. Confirmatory factor analysis of the Epworth Sleepiness Scale (ESS) in patients with obstructive sleep apnoea. Sleep medicine. 2008 Oct 1;9(7):739--44Gelaye B, Lohsoonthorn V, Lertmeharit S, Pensuksan WC, Sanchez SE, Lemma S, Berhane Y, Zhu X, Vélez JC, Barbosa C, Anderade A. Construct validity and factor structure of the pittsburgh sleep quality index and epworth sleepiness scale in a multi-national study of African, South East Asian and South American college students. PloS one. 2014 Dec 31;9(12):e116383

Discussion {#Sec17}
==========

This is the first comprehensive psychometric validation investigation of the original English version of the ESS in the African population in general and among Ethiopian university students in particular. The study assessed item analysis-the ceiling effect and the floor effect, internal consistency, internal homogeneity, known-group validity and factor analysis of the ESS. In accordance with Cosmin checklist, the study got a 'very good' score for methodological quality in assessment of internal consistency using Cronbach's alpha, structural validity employing both EFA and CFA without methodological discrepancies and appropriate statistics for known-group: discriminative validity.

Despite the comparability of psychometric properties following administration of the ESS among the presently studied sample and world samples, most of the ESS item scores showed the floor effect and but only one of them showed the ceiling effect. Moreover, the ESS total score did not have either of these effects \[[@CR17], [@CR22]\]. The floor effect and the ceiling effects on individual ESS items is an under-investigated measure \[[@CR8]\]. Similar to our findings in this Ethiopian student population, Hagell and Broman 2007 reported no major issues of the floor and ceiling effects for the ESS total score in a study sample of Swedish Parkinson's patients \[[@CR10]\]. The ceiling/floor effects may affect the responsiveness of the ESS item scores \[[@CR22]\]. Indeed, previous studies have expressed reservations about the responsiveness of the ESS in a normative population as well as in elderly \[[@CR23], [@CR24]\]. One explanation for the presence of the floor effect in all but one of the ESS item scores in this study may be that the study population was non-clinical. This reasoning is supported by the finding of a floor effect for all the item scores of the Hospital anxiety and depression scale reported when tested among a general elderly Swedish population \[[@CR32]\]. In summary, the absence of the ceiling/floor effect for the ESS total score does support its applicability in the Ethiopian students \[[@CR32]\].

The internal consistency as assessed by the Cronbach's alpha was good in the study population \[[@CR33]\]. The composite reliability of the unidimensional Model-D of the ESS was 0.75, which is reflective of and therefore reinforces its internal consistency in Ethiopian university students. Previous studies have reported the Cronbach's alpha for the ESS in the range of 0.73--0.86 \[[@CR8]\]. In 1992, John reported a slightly lower value of the Cronbach's alpha of 0.72 among medical students \[[@CR34]\]. The item-total correlations for the ESS scores indicate a moderate level of internal homogeneity for the scale in this population. In 2014, Sargento and co-workers reported similar values in the range of 0.43--0.73 among Portuguese adults \[[@CR9]\]. The inter-item correlations indicated a weak to moderate level of internal homogeneity. However, this measure of internal validity was relatively higher than that reported for the sample of Portuguese adults (r = 0.05--0.47) \[[@CR9]\]. Similarly, Baumgartel and colleagues reported a range of r = 0.07 to r = 0.46 for the inter-item correlations for the ESS scores among an American obstetric population \[[@CR12]\].

The diagnostic known-group validity or discriminative validity was strongly supported by the significantly higher values for all the ESS item scores as well as the ESS total score among the subset of Ethiopian students with symptoms of insomnia when compared to those who did not have insomnia symptoms. Insomnia patients usually have increased levels of daytime sleepiness; therefore, the higher values for the ESS item as well as the ESS total score establish the validity of the scale in Ethiopian university students \[[@CR1]\]. In comparison with other sleep questionnaires validated among Ethiopians, the ESS is on par with the Leeds sleep evaluation questionnaire and slightly better than the Pittsburgh sleep quality index \[[@CR17], [@CR18]\]. For the Leeds sleep evaluation questionnaire, all item scores, as well as the total scores, differed significantly among known-groups, while for the Pittsburgh sleep quality index, two item scores did not differ among known groups \[[@CR17], [@CR18]\].

Though, model fit indices showed little difference between the four models evaluated in the study population. The validity of model-C, a 2-Factor model was not favored because, the inter-factor correlation was 0.85, which suggested poor divergent validity of two factors (Table [6](#Tab6){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}) \[[@CR19]\]. Though, performance of model-B according to fit indices was satisfactory, but its application is not recommended because it has 2 items less than the original ESS \[[@CR11], [@CR16]\]. This might lead to loss of important information about respondent's sleepiness \[[@CR16]\]. Furthermore, there was no indication to delete these two items in the study population as implied by values of (i) Cronbach's alpha if item deleted, (ii) Communality and (iii) factor loadings (Table [3](#Tab3){ref-type="table"}, Table [6](#Tab6){ref-type="table"}, and Fig. [1](#Fig1){ref-type="fig"}) \[[@CR19], [@CR30]\]. Model-D had slightly better fit compared to model-A considering values for GFI, IFI, CFI, RMR and RMSEA. However, only model-D had absolute fit as indicated by a non-significant χ^2^ test and it also had least value for χ^2^/df (Table [6](#Tab6){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}). Therefore, the validity of Model-D, in the study population is favored. This is similar to the structural validity reports of the ESS in previous studies of Portuguese adults and Swedish Parkinson's patients \[[@CR9], [@CR10]\]. However, the unidimensionality of the ESS has been debatable because of the disparate findings in different populations \[[@CR8]\]. Smith et al. 2008 validated a slightly re-specified 1-Factor model (sans item-6 and item-8) using CFA among Australian obstructive sleep apnea patients \[[@CR11]\]. Their model was not found to be valid in our study population. Some studies reported 2-Factor models in different Population \[[@CR12]--[@CR14]\]. However, unlike our study, Baumgartel et al. 2013 did not implement the modification indices and did not report values for any of the relative fit indices; therefore, a direct comparison is difficult \[[@CR12]\]. In 2018, Pilcher and co-workers did not perform CFA \[[@CR12]\]; this is contrary to recommended practices, especially when the dimensionality of the scale is debatable \[[@CR19]\]. In 2014, Gelaye and co-workers did not incorporate modification indices into their analysis and reported values for only two categories of the fit indices, i.e., non-centrality fit indices (RMSEA and CFI) and a relative fit index (TLI) \[[@CR13]\]. The findings of Nguyen et al. (2006) supported the inference of a 3-Factor model in Canadian patients who had complaints of snoring \[[@CR15]\]. However, it is difficult to infer the applicability of their 3-Factor model because the study gives little detail about factor analysis, and did not employ CFA \[[@CR15]\].

The limitations of the present study included the fact that it did not carry out assessments of the concurrent validity, convergent validity, test-re-test reliability, and had a small number of female participants, thus limiting its generalizability primarily to males. The multiple sleep latency tests were not performed for the assessment of the concurrent validity because polysomnographic testing was not available. A number of the female students did not complete the clinical interview, resulting in a somewhat unbalanced gender proportion in the final study sample. Future studies should employ Rasch analysis as it is a robust measure of item performance. Though, this was a single centric study, but MTU students participating in this study belonged to almost all regions of Ethiopia, therefore the results may be generalizable to students of other universities with some limitations.

Conclusion {#Sec18}
==========

Taking all the limitations into consideration, nonetheless, the general overall favorable psychometric properties support the validity of the ESS for the screening of daytime sleepiness among Ethiopian university students.
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:   Exploratory factor analysis

ESS

:   Epworth sleepiness scale

GFI

:   Goodness of fit index

ICSD

:   International Classification of Sleep Disorders

IFI

:   Incremental Fit Index

RMR

:   Root mean square residual

RMSEA

:   Root mean square error of approximation

SD

:   Standard deviations

We are thankful to the participants of the study. The authors would like to thank Deanship of Scientific Research at Majmaah University for supporting this work under project number no. 1440-36.

Availability of data and material {#FPar1}
=================================

The data is available as Additional file [1](#MOESM1){ref-type="media"}.

Funding {#FPar2}
=======

None.

MDM, AA, MA, DWS, SRP: concept development and study design; MDM: major contributor in the analysis and interpretation, prepared the first draft of the manuscript; MDM, MS, MAYK, DN: data acquisition; MDM, MS, MAYK, DN, DWS, DWS, AA, MA, SRP: critical revision of the manuscript. All authors read and approved the final version of the manuscript.

Ethics approval and consent to participate {#FPar3}
==========================================

The Institutional Human Ethics Committee, College of Medicine and Health Sciences, Mizan-Tepi University approved the study, and informed consent was obtained from allparticipants.

Consent for publication {#FPar4}
=======================

The participants provided consent for publication.

Competing interests {#FPar5}
===================

The authors report no conflicts of interest.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
